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(57) Abstract: A surface electrode (5) is installed on the light receiving surface of a solar cell element, the surface electrode (5) 
comprises three bus bar electrodes (5a) for retrieving light-produced current produced at the solar cell element to the outside and 
collecting finger electrodes (5b) connected to these bus bar electrodes (5a), and the bus bar electrodes (5a) are 0.5 mm through 2 mm 
in width and the finger electrodes (5b) are 0.05 mm through 0.1 mm in width. A high -efficient solar cell module can be obtained 

with substantially lowered resistance by increasing the number of bus bar electrodes (5a) and thereby decreasing the lengths of the 
finger electrodes (5b). 
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5 a(^;i:§Srl 4 8. Sxamtl^fCo 
z^';^/^— aCOifig^O. 6, 0. 8, 1. 0^ 1. 2^ 1. 4. 1. 6^ 1. 8^ 

2. 0mm(D8^^i: bfdo 
cO^i^^Sgit^ 2 . 4 mm t L^fc^ 

-7^ :yiS—W^'2.(D^^ 1 o~ 2 0 0 ,u m*-e^^b$^i::^c;ls;|^Sm*-?^#^bfCo 

<^^l&m^ (I s c ;^'fiEA) . ft/^H^ (FF) . (Ef f. ; 

•to 

1*1] . 



1 

/^X/^ — SMte (mm) 



m 
m 





0.6 


0.8 


1 


1.2 


1.4 


1.6 


1.8 


2 


0.01 


8.410 


8.437 


8.473 


8.503 


8.528 


8.547 


8.561 


8.569 


0.02 


8.421 


8.446 


8.478 


8.505 


8.526 


8.542 


8.552 


8.556 


0.03 


8.429 


8.451 


8.480 


8.504 


8.521 


8.534 


8.540 


8.541 


0.04 


8.435 


8.455 


8.480 


8.500 


8.514 


8.523 


8.526 


8.523 


0.05 


8.438 


8.455 


8.478 


8.494 


8.505 


8.510 


8.509 


8.503 


0.06 


8.440. 


8.455 


8.473 


8.486 


8.493 


8.494 


8.490 


8.480 


0.07 


8.438 


8.451 


8.466 


8.475 


8.478 


8.476 


8.468 


8.455 


0.08 


8.435 


8.445 


8.456 


8.462 


8.461 


8.456 


8.444 


8.427 


0.09 


8.429 


8.437 


8.444 


8.446 


8.442 


8.433 


8.418 


8.397 


0.1 


8.420 


8.426 


8.430 


8.428 


8.421 


8.407 


8.389 


8.364 


0.11 


8.410 


8.413 


8.413 


8.408 


8.396 


8.380 


8.357 


8.329 


0.12 


8.396 


8.397 


8.394 


8.385 


8.370 


8.350 


8.324 


8.292 


0.13 


8.381 


8.379 


8.372 


8.359 


8.341 


8.317 


8.287 


8.252 


0.14 


8.363 


8.359 


8.348 


8.332 


8.310 


8.282 


8.248 


8.209 


0.15 


8.342 


8.336 


8.321 


8.301 


8.276 


8.244 


8.207 


8.164 


0.16 


8.319 


8.31 1 


8.292 


8.269 


8.239 


8.204 


8.163 


8-117 


0.17 


8.294 


8.283 


8.261 


8.233 


8.200 


8.162 


8.117 


8.067 


0.18 


8.266 


8.252 


8.227 


8.196 


8.159 


8.116 


8.068 


8.014 


0.19 


8.236 


8.220 


8.190 


8.156 


8.115 


8.069 


8.017 


7.959 


0.2 


8.203 


8.184 


8.151 


8.113 


8.069 


8.019 


7.963 


7.901 
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^Ste (mm) 





0.6 


0.8 


1 


1.2 


1.4 


1.6 


1.8 


2 


0.01 


0.668 


0.668 


0.667 


0.667 


0.666 


0.666 


0.666 


0.666 


0.02 


0.701 


0.701 


0.701 


0.700 


0.700 


0.700 


0.700 


0.700 


0.03 


0.713 


0.712 


0.712 


0.712 


0.712 


0.712 


0.712 


0.712 


0.04 


0.718 


0.718 


0.718 


0.718 


0.718 


0.718 


0.718 


0.718 


0.05 


0.722 


0.724 


0.722 


0.722 


0.721 


0.721 


0.721 


0.721 


0.06 


0.724 


0.724 


0.724 


0.724 


0.724 


0.724 


0.724 


0.724 


0.07 


0.726 


0.726 


0.726 


0.726 


0.726 


0.726 


0.726 


0.726 


0.08 


0.728 


0.728 


0.727 


0.727 


0.727 


0.727 


0.727 


0.728 


0.09 


0.729 


0.729 


0.729 


0.729 


0.729 


0.729 


0.729 


0.729 


0.1 


0.730 


0.730 


0.730 


0.730 


0.730 


0.730 


0.730 


0.730 


0.11 


0.731 


0.731 


0.731 


0.731 


0.731 


0.731 


0.731 


0.731 


0.12 


0.731 


0.731 


0.731 


0.732 


0.732 


0.732 


0.732 


0.732 


0.13 


0.732 


0.732 


0.732 


0.732 


0.732 


0.733 


0.733 


0.733 


0.14 


0.733 


0.733 


0.733 


0.733 


0.733 


0.733 


0.733 


0.734 


0.15 


0.733 


0.734 


0.734 


0.734 


0.734 


0.734 


0.734 


0.734 


0.16 


0.734 


0.734 


0.734 


0.734 


0.734 


0.735 


0.735 


0.735 


0.17 


0.735 


0.735 


0.735 


0.735 


0.735 


0.735 


0.736 


0.736 


0.18 


0.735 


0.735 


0.735 


0.736 


0.736 


0.736 


0.736 


0.737 


0.19 


0.736 


0.736 


0.736 


0.736 


0.736 


0.737 


0.737 


0.737 


0.2 


0.736 


0.736 


0.737 


0.737 


0.737 


0.737 


0.738 


0.738' 
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— wall's (mm) 





0.6 


O.O 


1 


1 O 


1 A 


1 a 

1 .D 


1 s 
1 .o 


o 


0.01 


1 4.979 


1 5.014 


1 o.uo9 


•1 C i AO 

1 0.1 Uo 


■1 1 on 
1 0. 1 


1 1 An 

i 0. 1 'tyJ 


1 O. I UU 




0-02 


1 5.732 


1 5.768 


1 5.81 4 


1 5.848 


1 O.O /U 


1 o.oyu 


1 R Qnn 

1 O.aUU 




0,03 


15.991 


1 6.022 


1 o.Ooo 


1 O.U^O 


i ^5 1 on 
1 0.1 zu 


1 0. 1 oU 


1 R 1 <in 

1 0. 1 ou 


1 R 1 1 Q 


0.04 


1 6.1 1 8 


1 6.148 


1 6.1 84 


1 0.^:Uo 


1 a oon 






1 R 907 


U.Uvl 




1 \J,£. 1 


1 6 249 


1 6 268 


16 280 


16 280 


16.260 


16.241 


0.06 


16.238 


16.259 


16.283 


16.295 


1 6.300 


1 6.290 


16.270 


1 6.244 


0.07 


16.264 


16.282 


16.299 


1 6.305 


1 6.300 


16.290 


16.260 


1 6.227 


0.08 


16.277 


1 6.290 


1 6.301 


1 6.300 


1 6.290 


16.270 


1 6.240 


16.196 


0.09 


16.280 


16.289 


16.293 


16.286 


1 6.270 


1 6.240 


16.200 


16.155 


0.1 


1 6.274 


16.278 


16.276 


16.262 


16.240 


16.200 


16.160 


16.104 


0.11 


16.260 


16.260 


16.251 


16.231 


1 6.200 


1 6.1 60 


16.110 


1 6.046 


0.12 


16.241 


16.236 


16.221 


16.194 


16.160 


16.110 


1 6.050 


15.982 


0.13 


16.214 


1 6.205 


16.183 


16.149 


16.110 


1 6.050 


15.990 


15.910 


0.14 


16.182 


16.169 


16.140 


16.099 


16.050 


15.990 


15.910 


15.832 


0.15 


16.143 


16.126 


16.090 


1 6.042 


15.990 


15.920 


15.840 


15.748 


0.16 


16.100 


16.077 


16.035 


15.980 


15.920 


1 5.840 


1 5.760 


15.658 


0.17 


16.051 


1 6.024 


15.975 


15.914 


1 5.840 


15.760 


15.670 


15.563 


0.18 


15.997 


15.966 


15.910 


15.841 


15.760 


15.670 


15.570 


15.463 


0.19 


15.938 


15.902 


15.839 


15.763 


15.680 


1 5.580 


1 5.470 


15.357 


0.2 


15.873 


15.832 


15.762 


15.680 


15.590 


1 5.480 


15.370 


15.245 
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I 
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A^—MM 5ht 1 (DWM^ 2 2a (D^z 22h\cM bT, PHifhit^OjS ft 
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4 



R 




I s c [A] 


Voc [V] 


FF 


1 . 0 


16.03 


7.970 


0. 6 14 3 


0.761 


1. 2 


16.06 


7.971 


0. 6 14 7 


0.762 


1. 4 


16.11 


7.971 


0 . 6 14 9 


0.764 


1. 6 


16.13 


7.971 


0. 6 15 1 


0.765 



10 

\^^^:it b -^^Xh^o ^t^n. '7 ^ l^ii—'^. 5 b CD^i® 2 2a (D=^ v VM. 22b 

5 



R 






Isc [A] 


Voc 

CV] 


FF 


1. 4 




16. 11 


7.971 


0. 6 14 9 


0.764 


1. 4 




16.14 


7.970 


0. 6 14 8 


0.766 
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t LTfi. =3r-t^ y&'Q^^^iyk-^ 5 OmmX 1 5 0 mmi^--l' XCD^^^fcCO p M 



^ 14 8. 8 mms ^^^z"^— SI® 5 a (Dijig^ 1 • 3 mm^ ZloO/-^:^/-^— SI® 5 a 



5 b (Om^ aOfim^ m^-r^ -y a 5 b 04i'L«c^¥i^^iEgSi^ 2 . 4 mm 



'14^ UT. JIS C 8913 (1 99 8) T^^^tbS^m^'fS: (I s c) 

i^iio (a) . (b) i^^ii^ft. wmmm^^-r^^^^ni^v =^>mR m 

[fi_blB(^l 5 Omm^^IUD^bT) {^:o1>^T^5^ |^=^O^^^TofCo t^^. ^^^^^ 
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me] 



^6 



K 1 

No- 


S3 


S2 
(cm ) 


(cm) 


5-S3 


S2/S3 


Isc 
(mA) 


Jsc 
(mA/cm^) 


FF 


n 

(%) 


1i% 


1 


225 


2.9 


93.2 


75,0 


0.013 


8273 


36.76 


0.743 


16.80 




2 


225 


3.6 


92.5 


75.0 


0.016 


8280 


36.80 


0.751 


17.19 




3 


225 


5.6 


90.8 


75.0 


0.025 


8255 


36.69 


0.756 


17.20 




4 


225 


7.9 


89.8 


75.0 


0.035 


8264 


36.73 


0.757 


17.24 




5 


225 


9.5 


92.6 


75.0 


0.042 


8241 


36.63 


0.753 


17.10 




6 


225 


12.4 


91.4 


75.0 


0.055 


8260 


36.71 


0.752 


17.11 




7 


225 


14.2 


91.6 


75.0 


0.063 
0.023 


8253 


36.70 


0.740 


16,88 




8 


225 


5.2 


70.4 


75.0 


7878 


35.01 


0.712 


15.38 


BSB3:4s^ 


9 


225 


5.0 


86.6 


75.0 


0.022 


7938 


35.28 


0.731 


15.62 


BSB4:^ 


10 


225 


5.9 


80.3 


75.0 


0.026 


7946 


35.32 


0.748 


16.01 


BSB3:*: 


11 


225 


6.1 


65.4 


75.0 


0.027 


7942 


35.30 


0,748 


16.01 


BSB2* 



me^v. ^mm(D (2) ^ (3) ^(Dm^^mtc-r, wno. 2-6. mjm^-^ 
No. 9, ioi-imm^±^^^mh-d^x^h<^fco 

MRt L-XiX ^i'^ 1 5 OmmX 1 5 Ommf"-^ X(D^tgtt(^pM 

—WM 5 a (D^^ ^14 8. 8 mm, 5 a <Dm^ 2 mm, iyD(D/^:^^<—M 
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yif—mM 5 b (^ijig^ 1 6 0 ;i ^ir^ 7 ^ :y:ff^—mM 5 b (Z^'t^'L-'^^^^i^Sgli^ 2 . 

■ 

5 a (DS $ 1 4 8 . 8 mm. ®^ 5 a (Difig^ 1 . 3 mm, ~<:>(Dy<:^y<—mM 

(D^^ (^^•VW^^^^^^^'-MM5 a(Dm^t^t Ufc:<b#) ^14 9mm, :7^>';^f 
10 — 5 b (Dim^ 8 0 A m, l^i" 5 ^ 5 b (D'p'bMf^(DW^%^f^ 2 . 4 

•-r^r<J;f;!:J:o-rMI::$-^7to wCQi:#ic:Cl 2^0- Islm, Og^O. 6slm, 

SF g^O. 4 s Im^lsU RF^^°!7— {*5 kwi: bfCo :S fcS b ^DfS^^'fti^iirSfci?), 

20 «;®^i^*u :L(DmB^^w^-fhnx\^fcM4i.\^<^^^xmmm(om\^^ffotio ^m<^ 

AFM (J^-^fHl;':^:^, Digital Instrument s|i^ • Nanoscope III a) ^-1^ 
fflU ^^0S5nmO:;^7V^W^-%ffiV^T, 1/zm^SrO. 2H z "CS 1 2 X 1 0 2 4 

25 S b / S a ©iil^-oV ^Tf±, /J^m>'^,OT 3 ^ nxm^^EJ^ U *^ie<D|5IS ^ ^ :«)^ if 
*fc, ic^mah.O#t4i: bX, JIS C 8913 (1998) X^S^^tb^^^® 

« 

30 Mit (I s c) i:*/^^ (FF) ^c:oV^T{i, ^ (5D^feiiS-:5v^■ralJ^^^TofCo 
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\^xy^^^K S b / S a im^^^^^(^^ tt^^Xo t^^i^^^mirmn(Dm^K J: o T 

5 [^7] 




No. 




Sa 
(cm ) 


Sb 

(cm ) 


Sb/Sa 


Isc 

(mA) 


Jsc 

(mA/ cm ) 


FF 


n 

(%) 


21 


225 


20.6 


20.6 


1.00 


7951 


35.34 


0.73 


15.61 


22 


225 


20.6 


21.6 


1.05 


7949 


35.33 


0.731 


15.62 


23 


225 


20.6 


22.6 


1.10 
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